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DESCRIPTION 

RESIN MOLDED ARTICLE WITH REDUCED DIELECTRIC LOSS 
TANGENT AND PRODUCTION METHOD THEREFOR 

5 TECHNICAL FIELD 

The present invention relates to a resin molded article using a resin 
composition containing a liquid-crystalline polyester as the main component, 
which is preferably used in the field requiring radio-frequency properties, and a 
production method therefor. 

10 BACKGROUND ART 

In the past, liquid-crystalline polyester that is excellent in electric 
properties and soldering heat resistance as well as chemical resistance, flame 
resistance and mechanical properties has been widely used as a material for 
electronic and mechanical parts. For example, since a circuit board obtained 

15 by forming a metal fikn on a resin substrate containing the Uquid- crystalline 
polyester demonstrates good moldability, dimensioned stability, high elastic 
modulus and strength, it also receives attention as a material for molded 
interconnect devices (MID). 

As a circuit board using the liquid-crystalline polyester, for example, 

20 Japanese Patent Publication No. 2714440 discloses a circuit board obtained by 
molding a liquid-crystalline polyester resin composition to obtain a resin 
substrate, and then depositing a metal film on the resin substrate by means of 
sputtering, ion-plating or vacuum deposition, while heating the resin substrate 
in a vacuum chamber such that a surface temperature of the resin substrate is 

25 60 ^C or more. In addition, Japanese Patent Publication No. 7-24328 discloses 
a resin molded article for fine-line circuit, which is obtained by molding a resin 
composition containing a liquid-crystalline polyester and an inorganic filler to 
obtain a resin substrate, performing an etching treatment to roughen a surface 
of the resin substrate, and then depositing a metal film thereon by means of 

30 sputtering, ion-plating or vacuum deposition. 



By the way, when a circuit board obtained by molding a resin material is 
placed in an AC electric field, an amount of internal heat generation of the 
circuit board increases as the resin material has a larger dielectric loss tangent. 
The liquid-crystalline polyester has a relatively low dielectric loss tangent (tan8) 
in conventional engineering plastics and super engineering plastics. However, 
in technical fields requiring high-frequency properties such as high-frequency 
circuit boards, it has been desired to develop a liquid-crystalline polyester based 
substrate having a further reduced, dielectric loss tangent. 
SUMMARY OF THE INVENTION 

Therefore, a primary concern of the present invention is to provide a 
resin molded article using a liquid-crystalline polyester based resin composition 
and having a reduced dielectric loss tangent. 

That is, the resin molded article of the present invention is obtained by 
performing a heat treatment to a resin composition comprising a 
liquid-crystalline polyester and an epoxy-group containing ethylene copolymer 
at a temperature lower than a flow-beginning temperature of the 
liquid-crystalline polyester, and characterized having a smaller dielectric loss 
tangent than the resin molded article obtained from the resin composition 
without the heat treatment. 

It is preferred that the dielectric loss tangent of the resin molded article 
of the present invention is 90% or less of the dielectric loss tangent of the resin 
molded article obtained from the resin composition without the heat treatment. 
In addition, it is preferred to perform the heat treatment at a temperature 
between a lower limit temperature calculated by subtracting 120*^0 from the 
flow-beginning temperature of the liquid-crystalline polyester and an upper 
limit temperature calculated by subtracting 20^*0 from the flow-beginning 
temperature. Moreover, it is preferred that a content of the epoxy-group 
containing ethylene copolymer is in a range of 0.1 to 25 parts by weight with 
respect to 100 parts by weight of the liquid-crystalline polyester. 

A further concern of the present invention is to provide a method of 
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producing the resin molded article described above, which is characterized by 
comprising the steps of: 

molding a resin composition comprising a liquid-crystalline polyester and an 
epoxy-group containing ethylene copolymer; and 
5 performing a heat treatment to a resultant molded article at a temperature lower 
than a flow-beginning temperature of the liquid- crystalline polyester, preferably 
at a temperature between a lower limit temperature calculated by subtracting 
120''C from the flow-beginning temperature and an upper limit temperature 
calculated by subtracting 20''C from the flow-beginning temperature, thereby 
10 obtaining the resin molded article having a smaller dielectric loss tangent than 
the resin molded article obtained from the resin composition without the heat 
treatment. 

These and further purposes and advantages of the present invention will 
be clearly understood from the best mode for carrying out the invention 

15 described below. 

BEST MODE FOR CARRYING OUT THE INVENTION 

As the liquid-crystalline polyester that is a main component of the resin 
composition constructing the resin molded article of the present invention, and 
preferably has an aromatic skeleton forming a molten phase with optical 

20 anisotropy, for example, it is preferred to use a reaction product obtained by an 
ester-exchange and polycondensation reaction of at least one of an aromatic 
dicarboxylic acid and an aromatic hydroxycarboxylic acid, with an acylated 
compound obtained by acylating a phenolic hydroxyl group of at least one of an 
aromatic diol and an aromatic hydroxycarboxylic acid with a fatty acid 

25 anhydride. 

As the aromatic diol, for example, it is possible to use 
4,4 -dihydroxybiphenyl, hydroquinone, resorcin, methyl hydroquinone, chloro 
hydroquinone, acetoxy hydroquinone, nitro hydroquinone, 
1 ,4-dihydro>Qniaphthalene, 1 ,5-dihydrox3aiaphthalene, 

30 1 ,6-dihydro3Qmaphthalene, 2 ,6-dihydrox3aiaphthalene, 
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2,7-dihyciroxyTiaphthalene, 2,2-bis(4-hydroxyphenyl) propane, 
2,2-bis(4-hydroxy-3,5-diinethylphenyl) propane, 
2,2-bis(4-hydroxy-3,5-dichlorophenyl) propane, 

2,2-bis(4-hydroxy-3-methylphenyl) propane, 2,2-bis(4-hydro3Qr-3-chlorophenyl) 
5 propane, bis(4-hyciroxyphenyl)methane, 

bis (4-hydroxy-3 , 5-dimethylphenyl) methane , 
bis(4-hydroxy-3,5-dichlorophenyl)me thane, 
bis{4-hydroxy-3,5-dibromophenyl)methane, 
bis(4-hydroxy-3-methylphenyl)methane, 

10 bis(4-hydroxy-3-chlorophenyl)methane, 1 , 1 -bis(4-hydroxyphenyl)cyclohexane, 
bis(4-hydroxyphenyl)ketone, bis(4-hydroxy-3,5-dimethylphenyl)ketone, 
bis(4-hydroxy-3,5-dichlorophenyl)ketone, bis(4-hydroxyphenyl) sulfide, or 
bis(4-hydrox3rphenyl) sulfone. One of these compounds may be used by itself, 
or a combination of two or more of these compounds may be used as the 

15 aromatic dioL In particular, from the viewpoint of ready availability, it is 
preferred to use 4,4 -dihydroxybiphenyl, hydroquinone, resorcin, 
2,6-dihydroxynaphthalene, 2,2-bis{4-hydrox3rphenyl) propane or 
bis(4-hydrox5rphenyl) sulfone. 

On the other hand, as the aromatic hydroscycarboxylic acid, for example, 

20 it is possible to use parahydroxy benzoic acid, metahydroxy benzoic acid, 
2-hydroxy-6-naphthoic acid, 2-hydroxy-3-naphthoic acid, 
l-hydroxy-4-naphthoic acid, 4-hydroxy-4 -carboxydiphenyl ether, 
2,6-dichloro-parahydroxy benzoic acid, 2-chloro-parahydroxy benzoic acid, 
2,6-difluoro-parahydro3Q?^ benzoic acid, or 4-hydroxy-4 -biphenylcarboxylic acid. 

25 One of these compounds may be used by itself, or a combination of two or more 
of these compounds may be used as the aromatic hydroxycarboxylic acid. In 
particular, from the viewpoint of ready availability, it is preferred to use 
parahydroxy benzoic acid or 2 -hydroxy- 6-naphthoic acid. 

In addition, as the aromatic dicarboxylic acid, for example, it is possible 

30 to use terephthalic acid, isophthalic acid, 2,6-naphthalene dicarboxylic acid, 
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1.5- naphthalene dicarboxylic acid, 4,4 -biphenyldicarboxylic acid, metJiyl 
terephthalate, metliyl isophthalate, diphenylether-4,4 -dicarboxylic acid, 
diphenylsulfone-4,4'-dicarboxylic acid, diphenylketone-4,4 -dicarboxylic acid, 
or 2,2 -diphenylpropane-4,4'dicarboxylic acid. One of these compounds may 

5 be used by itself, or a combination of two or more of these compounds may be 
used as the aromatic dicarboxylic acid. In particular, from the viewpoint of 
ready availability, it is preferred to use terephthalic acid, isophthalic acid or 

2.6- naphthalene dicarboxylic acid. 

As the fatty acid anhydride, for exaunple, it is possible to use acetic 
10 anhydride, propionic anhydride, butyric anhydride, isobutylic anhydride, 
valeric anhydride, pivalic anhydride, 2-ethylhexanoic anhydride, 
monochloroacetic anhydride, dichloroacetic anhydride, trichloroacetic 
anhydride, monobromoacetic anhydride, dibromoacetic anhydride, 
tribromoacetic anhydride, monofluoroacetic anhydride, difluoroacetic 
15 anhydride, trifluoroacetic anhydride, glutaric anhydride, maleic anhydride, 

succinic anhydride or p-bromopropionic anhydride. One of these compounds 
may be used by itself, or a combination of two or more of these compounds may 
be used as the fatty acid anhydride. In particular, from the viewpoints of cost 
performance and ease of handling, it is preferred to use acetic anhydride, 
20 propionic anhydride, butyric anhydride, or isobutylic anhydride, and 
particularly acetic anhydride. 

It is preferred that the ester-exchange and polycondensation reaction is 
performed in the presence of an imidazole compound represented by the 
following chemical formula (1). 



Ri 
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(In tlie formula (1), each of "Ri" to "R4'' is selected from hydrogen atom, alkyl 
group having a carbon number of 1 to 4, hydroxymethyl group, cyano group, 
cyanoalkyl group having a carbon number of 1 to 4, cyanoalkoxy group having a 
carbon number of 1 to 4, carboxyl group, amino group, aminoallQrl group having 
5 a carbon number of 1 to 4, aminoalkoxy group having a carbon number of 1 to 4, 
phenyl group, benzyl group, phenylpropyl group, and a formyl group.) 

As the imidazole compound represented by the formula (1), for example, 
it is possible to use imidazole, 1-methylimidazole, 2-methylimidazole, 
4-methylimidaizole, l-ethylimidazole, 2-ethylimidazole, 4-ethylimidazole, 
10 1,2-dimethylimidazole, 1,4-dimethylimidazole, 2,4-dimethylimidazole, 
1 -methyl-2-ethylimidazole, 1 -methyl-4-ethylimidazole, 

1- ethyl-2-methylimidazole, l-ethyl-2-ethylimidazole, l-ethyl-2-phenylimidazole, 

2- ethyl-4-methylimidazole, 2-phenylimidazole, 2-undecylimidazole, 
2-heptadecylimidazole, l-benzyl-2-methylimidazole, 

15 2-phenyl-4-methylimidazole, l-cyanoethyl-2-methylimidazole, 

l-cyanoethyl-2-phenylimidazole, 4-cyanoethyl-2-ethyl-4-methylimidazole or 
l-aminoethyl-2-methylimidazole. In a particularly preferred imidazole 
compound, *'Ri'' is an alkyl group having a carbon number of 1 to 4, and to 
"R4*' are hydrogen atoms. In addition, from the viewpoint of ready availability, 

20 it is preferred to use 1-methyUmidazole or 2-methylimidazole. 

In the above ester-exchange and polycondensation reaction, it is 
preferred that aimounts of the acylated compound and the aromatic dicarboxylic 
acid and /or the aromatic hydroxycarboxylic acid are determined such that an 
amount of the phenolic hydroxyl group of the aromatic diol and/ or the aromatic 

25 hydroiqrcarboxylic acid used to prepare the acylated compound is in a range of 
0.8 to 1.2 in terms of equivalent number of hydroxy group relative to carboxyl 
group of the aromatic dicarboxylic acid and/ or the aromatic hydroxycarboxyUc 
acid. In addition, it is preferred to proceed the ester-exchange reaction in a 
temperature range of from 130 to 400 **C, while elevating the temperature at 

30 a ratio of 0. 1 to 50 **C/niin, and more preferably in a temperature range of from 
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150 °C to 350 ""C, while elevating the temperature at a ratio of 0.3 to 5 °C/min. 

As the acylated compound, it is possible to use a product obtsdned by 
acylating the phenolic hydroxyl group with the fatty acid anhydride in a reaction 
vessel, or a compound having an acylated phenolic hydroxyl group, i.e., an fatty 
5 acid ester. It is preferred that an amount of the fatty acid anhydride is in a 
range of 1.0 to 1.2 and more preferably 1.05 to 1.1 in terms of equivalent 
number of the phenolic hydroxyl group of the aromatic diol and /or the aromatic 
hydroxycarboxylic acid. When the amount of the fatty acid anhydride is less 
than 1.0 in terms of equivalent number of the phenolic hydrojcjrl group, 

10 sublimation of the raw material may be caused at the time of polycondensation 
of the liquid-crystalline polyester due to a shift of equilibrium toward the fatty 
acid anhydride at the time of acylation. In this case, the reaction system is 
easily clogged. On the other hand, when the amount of the fatty acid 
anhydride exceeds 1.2 in terms of equivalent number of the phenolic hydroxyl 

15 group, a coloration of the obtained liquid- crystalline polyester may become a 
problem. In addition, it is preferred that the acylation is performed at a 
temperature of 130 to 180 **C for 30 minutes to 20 hours, and more preferably 
140 to 160 ^'C for 1 to 5 hours. 

To facilitate the ester-exchange reaction between the fatty acid ester and 

20 carboxylic acid through the use of a shift of equilibrium, it is preferred that 
by-product fatty acid and unreacted fatty acid anhydride are vaporized and 
removed from the reaction system. In addition, when a part of vaporized (or 
distilled) fatty acid is allowed to reflux in the reaction vessel, vaporized or 
sublimed raw material component can be returned into the reaction vessel 

25 together with the refluxed fatty acid by phenomenon of condensation or reverse 
sublimation. 

In the ester-exchange and polycondensation reaction, it is preferred that 
an additive amount of the imidazole compound represented by the formula (1) is 
in a range of 0.005 to 1 parts by weight with respect to 100 parts by weight of a 
30 total of the aromatic dicarbojq^lic acid, aromatic diol, and the aromatic 



8 



hydroxycarboxylic acid used to synthesize the liquid-crystalline polyester. 
From the viewpoints of color tone and productivity of the liquid-crystalline 
polyester, it is more preferred that the additive amount of the imidazole 
compound is in a range of 0.05 to 0.5 parts by weight. When the additive 
5 amount is less than 0.005 parts by weight, a contribution of the imidazole 
compound to the acceleration of the ester-exchange and polycondensation 
reaction is not obtained sufficiently. On the other hand, when the additive 
amount exceeds 1 part by weight, it may be difficult to control the reaction 
system. The timing of adding the imidazole compound is not restricted on 

10 condition that the imidazole compound at least exists in the reaction system at 
the time of ester-exchange. Therefore, the imidazole compound may be added 
immediately before the ester-exchange and polycondensation reaction or in 
process of the reaction. 

To accelerate the ester-exchange and polycondensation reaction, if 

15 necessary, a catalyst may be used. For example, the catalyst comprises a 
germanium compound such as germanium oxide, tin compound such as 
stannous oxalate, stannous acetate, dialkyl tin oxide and diaryl tin oxide, 
titanium compound such as titanium dioxide, titanium, alkoxide and alkoxy 
titanium silicate, antimony compound such as antimony trioxide, metal salt of 

20 organic acid such as sodium acetate, potassium acetate, calcium acetate, zinc 
acetate and ferrous acetate, Lewis acid such as boron trifluoride and aluminum 
chloride, amines, amides, and an inorganic acid such as hydrochloric acid and 
sulfuric acid. 

The liquid-crystalline polyester of the present invention prepared by the 
25 ester-exchange and polycondensation reaction described above has the 
aromatic skeleton forming the molten phase with optical anisotropy. To allow 
the liquid-crystalline polyester to have heat resistance and impact resistance in 
a balanced manner, it is preferred that the liquid-crystalline polyester contains 
at least 30 mol% of a repeating unit represented by the following chemical 
30 formula (2). In addition, there is no limitation in molecular weight of the 



liquid- crystalline polyester. For example, it is preferred that a weight-average 
molecular weight of the liquid-crystalline polyester is in a range of 10000 to 
50000. 



In addition, it is preferred that the repeating unit contained in the 



liquid-crystalline polyester is selected from the following combinations (a) to (f) 
based on the aromatic hydroxy carboxylic acid, aromatic dicarboxylic acid and 
the aromatic diol. 

(a) a combination of a structural unit based on 2-hydroxy-6-naphthoic acid, 
structural unit based on 2,6-naphthalene dicarboxylic acid or a mixture of 
2,6-naphthalene dicarboxylic acid and terephthalic acid, and a structural 
unit based on 4,4 -dihydroxybiphenyl 

(b) a combination obtained by replacing a part or all of the structural unit based 
on 4,4*-dihydro^Qrbiphenyl in the combination (a) with a structural unit 
based on hydroquinone 

(c) a combination obtained by replacing a part or all of the structural unit based 
on 4,4 -dihydroxybiphenyl in the combination (a) with a structurad unit 
based on 2,6-dihydrox3niaphthalene 

(d) a combination obtained by replacing a part or all of the structural unit based 
on 2,6-naphthalene dicarboxylic acid in the combination (a) with a 
structural unit based on isophthalic acid 

(e) a combination obtained by replacing a part or all of the structural unit based 
on 2,6-naphthalene dicarboxylic acid in the combination (a) with a 
structural unit based on a mixture of terephthalic acid and isophthalic acid 

(f) a combination obtained by replacing a part or all of the structural unit based 
on 2-hydroxy-6-naphthoic acid in the combination (a) with a structural unit 
based on parahydroxy benzoic acid 

In the combinations (a) to (f), it is preferred that the liquid-crystalline 




...(2) 
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polyester contains 30 to 80 mol% of a repeating unit derived from 
2-hydroxy-6-naphthoic acid, 10 to 35 mol% of a repeating unit derived from the 
aromatic diol, and 10 to 35 mol% of a repeating unit derived from the aromatic 
dicarbojQrlic acid. In this case, it is possible to obtain a higher effect of 
5 reducing the dielectric loss tangent as well as excellent properties of the 
liquid-crystalline resin. 

Next, the epoxy-group containing ethylene copolymer is explained, 
which is an important component of the resin composition constructing the 
resin molded article of the present invention. In the present invention, it is 

10 preferred that the epojgr-group containing ethylene copolymer contains 80 to 95 
wt% of an ethylene unit and 5 to 15 wt% of at least one of an unsaturated 
carboxylic-acid glycidyl ester unit and an unsaturated glycidyl ether unit in the 
molecule thereof. When the amount of the ethylene unit is less than 80 wt%, 
heat resistance and toughness of the resin substrate may deteriorate. In 

15 addition, as described later, when a molded circuit board is produced by 
forming a metal film on the resin molded article of the present invention, it is 
preferred that the amount of at least one of the unsaturated carboxylic-acid 
glycidyl ester unit and the unsaturated glycidyl ether unit is 5 wt% or more to 
improve the adhesion of the metal film. In addition to these units, if necessary, 

20 the epoxy-group containing ethylene copolymer may contain an ethylenically 
unsaturated ester unit. In this case, it is preferred that an amount of the 
ethylenically unsaturated ester unit is 50 wt% or less. 

For example, compounds imparting the unsaturated carboxylic-acid 
glycidyl ester unit or the unsaturated glycidyl ether unit are represented by the 

25 following chemical formulas (3) and (4). 

R — C — O — CH2 — CH — CH2 
II \ / 

O O ...(3) 

("R" is a hydrocarbon group having a carbon number of 2 to 13 and an 
ethylenically unsaturated bond.) 
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R — X — CH2 — CH — CH2 

O ...(4) 

("R" is a hydrocarbon group having a carbon number of 2 to 13 and an 
ethylenically unsaturated bond, and "X'' is 




-CH2 — O — or ^ 

5 Specifically, it is possible to use glycidyl acrylate, glycidyl methacrylate, 

glycidyl ester of itaconic acid, allyl glycidyl ether, 2-inethyl allyl glycidyl ether, or 
st3rrene-p-glycidyl ether, or the like. 

As the epoxy-group containing ethylene copolsnner, a ternary or more 
copolymer may be used, which contains an ethylenically unsaturated ester in 

10 addition to ethylene, and the unsaturated carboxylic-acid glycidyl ester and/or 
the unsaturated glycidyl ether. As such an ethylenically unsaturated ester 
compound, for example, it is possible to use a carboxylic acid vinyl ester such as 
vinyl acetate, vinyl propionate, methyl acrylate, ethyl acrylate, butyl acrylate, 
methyl methacrylate, ethyl methacrylate and butyl methacrylate, or 

15 a,p-unsaturated carboxylic acid alkyl ester. In particular, it is preferred to use 
vinyl acetate, methyl acrylate or ethyl acrylate. 

The epojQT-group containing ethylene copolymer can be prepared by 
performing a copol3rmerization of a compound imparting the ethylene unit, 
compound of imparting the unsaturated carboxylic-acid glycidyl ester unit or 

20 the unsaturated glycidyl ether unit, and if necessary a compound imparting the 
ethylenically unsaturated ester unit under conditions of a pressure of 500 to 
4000 atm and a temperature of 100 to 300 in the presence of a radical 
generating agent. If necessary, the copolymerization may be performed in the 
presence of an appropriate solvent or a chain transfer agent. 

25 Specifically, as the epoxy-group containing ethylene copolymer, for 

example, it is possible to use a copolymer comprised of the ethylene unit and a 
glycidyl methacrylate unit, copolymer comprised of the ethylene unit, glycidyl 
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methacrylate unit and a glycidyl methyl acrylate unit, copolymer comprised of 
the ethylene unit, glycidyl methacrylate unit and a glycidyl ethyl acrylate unit, 
or a copolymer comprised of the ethylene unit, glycidyl methacrylate unit and a 
vinyl acetate unit. In particular, it is preferred to use the copolymer comprised 
5 of the ethylene unit and the glycidyl methacrylate unit. 

In addition, it is preferred that the epoxy-group containing ethylene 
copolymer has an melt index (MFR: JIS K7210, measuring conditions: 190 °C, 
2. 16 kg load) of 0.5 to 100 g/ 10 min, and more preferably 2 to 50 g/ 10 min. In 
this range, there is an advantage that good mechanical properties of the resin 

10 substrate and compatibility with the liquid-crystalline polyester are obtained. 

In the resin molded article of the present invention, it is preferred that a 
content of the epoxy-group containing ethylene copolymer is in a range of 0. 1 to 
25 parts by weight, and more preferably 10 to 20 parts by weight with respect to 
100 pairts by weight of the liquid-crystalline polyester. In this range, the 

15 heat-treatment effect of reducing the dielectric loss tangent becomes higher. 
When the content is less than 0. 1 parts by weight, it may difficult to use the 
resin molded article of the invention as a circuit board because the adhesion of 
a metal film for circuit pattern formed thereon easily deteriorate On the other 
hand, when the content is more than 25 parts by weight, heat resistance and 

20 moldabiUty of the resin composition may deteriorate. 

To reinforce the resin substrate, if necessary, an inorganic filler may be 
added to the resin composition. The kind of the inorganic filler is not restricted. 
For example, as the inorganic fiUer, a fiber-like inorganic fiUer, whisker, 
plate-like inorganic filler or a powder-like inorganic filler can be added to the 

25 resin composition. 

The resin molded article of the present invention can be obtained by 
molding the resin composition containing the above- described liquid-crystalline 
polyester, epoxy-group containing ethylene copolymer and if necessary the 
inorganic filler, and then performing a heat treatment to a resultant molded 

30 article at a temperature lower than a flow-beginning temperature of the 
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liquid-crystalline polyester. The thus heat-treated resin molded articled has a 
smaller dielectric loss tangent than the resin molded article obtained from the 
same resin composition without the heat treatment. 

It is preferred to perform the heat treatment at a temperature between a 
5 lower limit temperature calculated by subtracting 120*'C from the 
flow-beginning temperature of the liquid-ciystaUine polyester, and an upper 
limit temperature calculated by subtracting 20'*C from the flow-beginning 
temperature. The flow-beginning temperature is defined as a temperature 
showing a melting viscosity of 48000 poise when a molten material is extruded 

10 through a nozzle under conditions of a load of 100 kgf/cm2 (980 N/cm^) and a 
heating rate of 4 **C/min by use of a capillary rheometer with the nozzle having 
an inner diameter of 1 mm and a length of 10 mm. The relevant standard in 
Japanese Industrial Standards (JIS) is K6719-1977. When the temperature is 
less than the lower limit temperature, the effect of the heat treatment is not 

15 obtained sufficiently. On the other hand, when the temperature is more than 
the upper limit temperature, a warpage or a deformation of the resin substrate 
may occur. It is also preferred to perform the heat treatment in an inert-gas 
atmosphere such as nitrogen gas under a condition that the residual oxygen 
concentration is less than 1 %, preferably less than 0.5 %. In addition, from 

20 the viewpoint of preventing a denaturation of the resin substrate, it is preferred 
that the heat treatment time is in a range of 1 to 4 hours. 

According to the heat treatment described above, the heat resistance of 
the resin substrate can be also improved in addition to the improvement in 
electric properties such as RF properties resulting from the decrement in 

25 dielectric loss tangent. Moreover, in the case of using the resin molded article 
of the invention as the circuit board, it is possible to improve the adhesion of the 
metal film formed thereon. Of course, the resin molded article of the present 
invention stably maintains the original excellent properties of the 
liquid-crystaUine polyester such as chemical resistance, low linear expansion 

30 coefEcient, flame resistance, high mechanical strength, electrical insulation. 
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high damping property and elastic modulus. Therefore, the resin molded 
article of the present invention will be preferably used as, for example, an 
antenna, wave guide tube, or a substrate for optical transmission other than the 
circuit board. 

5 As an example, a method of producing the circuit board by forming the 

metal film on a resin substrate provided by the resin molded article of the 
present invention is introduced below. 

Prior to the formation of the metal film, it is preferred to perform a 
plasma treatment to the surface of the heat-treated resin substrate. Since the 

10 epoxy-group containing ethylene copolymer in the resin composition possesses 
a high reactive functional group, the surface of the resin substrate can be 
effectively activated by the plasma treatment. Therefore, an effect of the 
plasma treatment on the adhesion of the metal film is extremely high. 

The plasma treatment can be performed by using a conventional plasma 

15 treatment apparatus. For example, a plasma treatment apparatus comprising 
a pair of electrodes disposed in a face-to-face relation in a chamber, and a RF 
unit for applying a RF electric field between the electrodes can be used. In this 
case, the resin substrate is placed on one of the electrodes, and the chamber is 
depressurized to approximately lO '^Pa. Then, a plasma forming gas such as 

20 NH3 and N2 is introduced in the chamber such that the inner pressure becomes 
in a range of 8 to 15 Pa. Next, an RF power (13.56 MHz) of 300 W is applied 
between the electrodes for a time period of 10 to 100 seconds by use of the RF 
unit to generate a plasma therebetween, so that the surface of the resin 
substrate is activated by cations and radicals in the generated plasma. Since a 

25 nitrogen polar group or an oxygen polar group, which has the capability of easily 
bonding with metal, is imparted to the surface of the resin substrate by the 
collision with the cations during the plasma treatment, the adhesion of the 
metal film can be further improved. 

The plasma treatment conditions can be arbitrarily determined on the 

30 assumption that the surface of the resin substrate is not excessively roughened 
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by the plasma treatment. In addition, the kind of a plasma forming gas is not 
restricted. For example, as described above, it is preferred to use nitrogen as 
the plasma forming gas. In the case of using the nitrogen plasma, it is possible 
to reduce a desorption of carbon dioxide gas resulting from a breakage of the 
5 ester bonding of the resin substrate, as compared with the case of using an 
oxygen plasma. Consequently, it is possible to avoid a reduction in strength of 
a surface portion of the resin substrate. 

To form the metal film, it is preferred to use a physical vapor deposition 
such as sputtering, vacuum deposition and ion plating. In the case of 

10 performing the plasma treatment described above, it is preferred that the film 
formation is continuously carried out without exposing the resin substrate to air. 
A metal material constructing the metal film is not restricted. For example, it is 
possible to select from the group essentially consisting of copper, nickel, gold, 
aluminum, titanium, molybdenum, chromium, tungsten, tin, lead, brass, 

15 Nichrome and an alloy thereof. 

In the case of using a DC sputtering method as the sputtering, for 
example, the chamber having the resin substrate therein is depressurized to 
less thain lO '^ Pa, and then an inert gas such as Ar is introduced in the chamber 
such that the inner pressure becomes approximately 0.1 Pa. Next, a DC 

20 voltage of 500 V is appUed to bombard a copper target, so that a copper film 
having a thickness of 200 to 500 nm can be formed as the metal film on the 
resin substrate. 

In the case of using an electron-beam vacuum deposition method as the 
vacuum deposition, for example, the chamber having the resin substrate 
25 therein is depressurized to less than lO '* Pa. Then, an electron flow of 400 to 
800 mA is allowed to collide with a metal material in a crucible, thereby 
evaporating the metal material. Consequently, a copper film having a 
thickness of approximately 300 nm can be formed as the metal film on the resin 
substrate. 

30 In the case of using the ion plating, for example, the chamber having the 
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resin substrate therein is depressurized to less than 10-^ Pa, and then the metal 
material is vaporized, as in the case of the vacuum deposition. In addition » an 
inert gas such as Ar is introduced between the resin substrate and a crucible 
such that the inner pressure becomes in a range of 0.05 to 0. 1 Pa. Next, a RF 
5 power (13.56 MHz) of 500 W is applied to an induced antenna under a condition 
that a desired bias voltage is applied to the electrode, by which the resin 
substrate is supported, thereby generating a plasma in the chamber. 
Consequently, a copper film having a thickness of 200 to 500 nm can be formed 
as the metal film on the resin substrate. 

10 Next, a circuit pattern is formed in the metal film on the resin substrate. 

For example, it is recommended to use laser patterning from the viewpoint of 
efficiently removing unwanted metal film other than circuit portions without 
deteriorating the adhesion of the metal film. According to the present invention, 
since it is not needed to perform a roughening treatment for improving the 

15 adhesion of the metal film prior to the film formation, it is possible to form a fine 
circuit pattern with accuracy by the laser patterning without a deterioration in 
wiring accuracy resulting from the formation of the metal film on the roughened 
surface of the resin substrate. Therefore, the resin molded article of the 
present invention is also suitable for Molded Interconnect Devices (MID). 

20 After the laser patterning, an additional metal film such as copper may 

be formed on the formed circuit pattern of the metal film by electrolytic plating 
such that the total thickness becomes in a range of, for example, 5 to 20 pm. 
After the formation of the circuit pattern, a soft etching may be performed to 
surely remove unwanted metal film remaining on the resin substrate, if 

25 necessary. In addition, a nickel plating layer or a gold plating layer having a 
thickness of several microns may be formed on the additional metal film. Thus, 
the molded circuit board having a desired circuit pattern thereon can be 
obtained by use of the resin molded article of the present invention. 
EXAMPLES 

30 The present invention is concretely explained according to preferred 
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Examples. 

(Sjmthesis of Liquid-crystalline Polyester "SI") 

911 g (6.6 mol) of p-hydrojQrbenzoic acid, 409 g (2.2 mol) of 
4,4 -dihydrojQ^biphenyl, 274 g (1.65 mol) of terephthalic acid, 91 g (0.55 mol) of 
5 isophthalic acid, 1235 g (12.1 mol) of acetic anhydride, and 0.17 g of 
1-methylimidazole were put in a reaction vessel having an agitator, torque meter, 
nitrogen introduction pipe, temperature gauge and a reflux condenser, and then 
the air in the reaction vessel was replaced by nitrogen gas. Next, the 
temperature of a resultant mixture was raised to 150 "^C by 15 minutes under a 

10 nitrogen gas flow, and refluxed for 3 hours at 150 **C. 

Subsequently, 1.69 g of l-methylimidazole was further added to the 
mixture, and then the obtained mixture was heated from 150 ''C to 320 °C by 
170 minutes, while by-product acetic acid and unreacted acetic anhydride were 
being vaporized and removed therefrom. When an increase in torque occurred, 

15 it was regarded as the end of the reaction, and a resultant product was removed 
out from the reaction vessel. The solid content of the resultant product was 
cooled at room temperature, and crushed by a coarse grinder. Next, the 
obtained powder was heated from room temperature to 250 **C by 1 hour under 
a nitrogen atmosphere. In addition, it was heated from 250 ""C to 288 °C by 5 

20 hours, and then kept at 288 °C for 3 hours to promote solid-phase 
polymerization reaction. Thus, the liquid-crystaUine polyester "81" was 
obtained. A flow-beginning temperature of this liquid-crystalUne polyester 
measured by use of a flow tester ("CFT-500'' manufactured by Shimadzu 
Corporation) is 320 **C. 

25 (Synthesis of Liquid-crystalline Polyester "S2") 

752.72 g (4.00 mol) of 2-hydroxy-6-naphthoic acid, 220.22 g (2.00 mol) 
of hydroquinone, 432.38 g (2.00 mol) of 2,6-naphthalene dicarboxylic acid, and 
986.19 g (9.2 mol) of acetic anhydride were put in a reaction vessel having an 
agitator, torque meter, nitrogen introduction pipe, temperature gauge and a 

30 reflux condenser, and then 0.143 g of 1-methylimidazole was also added as a 
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catalyst. A resultant mixture was agitated at room temperature for 15 minutes, 
and then heated at 145 **C, while being agitated. As this temperature, the 
mixture was further agitated for 1 hour. 

Subsequently, the resultant mixture was heated from 145 ^^C to 310 ''C 
5 by 3 hours, while by-product acetic acid and unreacted acetic anhydride were 
being vaporized and removed therefrom. After 1.427 g of 1-methylimidazole 
was further added, the mixture was kept for 30 minutes at 310 ''C to obtain an 
aromatic polyester. The obtained aromatic polyester was cooled at room 
temperature, and crushed by a coarse grinder to obtain an aromatic polyester 

10 powder (particle size: approximately 0.1 mm to 1 mm). 

After the obtained powder was heated from 25 to 250 °C by 1 hour, it 
was further heated from 250 °C to 320 by 5 hours, and kept at 320 °C for 3 
hours to promote solid-phase polymerization reaction. Thus, the 
liquid-crystalline polyester "S2'' was obtained. A flow-beginning temperature of 

15 this liquid-crystalline polyester measured by using the flow tester "CFT-500'' is 
333 ^C. 

On the other hand, as the epojg^-group containing ethylene copolymer. 
Bond First® "BF-E", "BF-2C", "BF-7M" and "BF-2B" (manufactured by 
SUMITOMO CHEMICAL Co., Ltd.) were used. The Bond First® "BF-E** is an 

20 ethylene-glycidyl methacrylate copol3rmer (the content of glycidyl methacrylate: 
12 wt%, MFR = 3 g/10 minutes). The Bond First® "BF-2C" is an 
ethylene-glycidyl methacrylate copolymer (the content of glycidyl methacrylate: 
6 wt%, MFR = 3 g/10 minutes). The Bond First® "BF-7M" is an 
ethylene-glycidyl methacrylate-methyl acrylate copolymer (the content of 

25 glycidyl methacrylate: 6 wt%, the content of methyl acrylate: 30 wt%, MFR = 9 
g/10 minutes). The Bond First® "BF-2B'' is an ethylene-glycidyl 
methacrylate-vinyl acetate copolymer (the content of glycidyl methacrylate: 12 
wt%, the content of vinyl acetate: 5 wt%, MFR == 3 g/10 minutes). The MFR 
(Melt Flow Rate) value was measured at the temperature of 190 ^'C under the 

30 Ipad of 2 160 g according to JIS( Japanese Industrial Standards) K72 10. 
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If necessary, as an inorganic filler, a milled glass fiber (MGF: 
"EFH-ySOl" manufacture by CENTRAL GLASS CO., LTD,, fiber diameter: I0\im, 
aspect ratio: 10), barium titanate powder ("NPO-S" manufactured by FUJI 
TITANIUM INDUSTRY CO., LTD., average particle size: 2.1 jxm) or a strontium 
5 titanate powder («ST- 1** manufactured by FUJI TITANIUM INDUSTRY CO., LTD., 
average particle size: 1.1 ^m) was used. 
(Example 1) 

100 parts by weight of the liquid-crystalline polyester "SI" was mixed 
with 10 parts by weight of the epo>gr-group containing ethylene copolymer 

10 "BF-E" and 100 parts by weight of the barium titanate powder "NPO-S'' as the 
inorganic filler to obtain a resin composition. Then, pellets of the resin 
composition were prepared at 340 **C by using a twin Screw Extruder ("PCM-SO** 
manufactured by Ikegai Tekko). The prepared pellets were injection molded at 
a cylinder temperature of 350 ^'C and a mold temperature of 130 ''C by using an 

15 injection molding machine ("PS40E5ASE" manufactured by Nissei Plastic 
Industrial Co., Ltd.), thereby obtaining a resin substrate having the dimensions 
of 40 mm x 30 mm x 1mm. 

Next, a heat treatment was performed to the resin substrate at 300 ''C 
for 3 hours in a nitrogen atmosphere. Then, a plasma treatment was 

20 performed to a surface of the resin substrate. That is, the resin substrate was 
placed in a chamber of plasma treatment apparatus, and then the chamber was 
evacuated to approximately lO "* Pa. In addition, nitrogen gas was introduced 
into the chamber such that the gas pressure in the chamber is 10 Pa, and then 
the plasma treatment was performed to the resin substrate by applying a RF 

25 power voltage (13.56 MHz) of 300 W between electrodes of the plasma treatment 
apparatus for 30 seconds. After the plasma treatment, a metal film was formed 
on the plasma- treated surface of the resin substrate by using a DC magnetron 
sputtering apparatus. That is, after the chamber was evacuated to less than 
10 ^* Pa, argon gas was introduced into the chamber such that the gas pressure 

30 in the chamber is 0. 1 Pa, and then a copper target was bombarded by applying 
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a DC voltage of 500 V to form a copper film having the thickness of 400 nm as 
the metal film on the resin substrate. 

Next, a pattem having the width of 5 mm was formed in the metal film 
by laser irradiation, and copper was plated on the pattem of the metal film by 
5 electrolytic plating to obtain a circuit pattem for peel strength test having the 
thickness of 15 ^im on the resin substrate. 
(Examples 2 to 4) 

In each of Examples 2 to 4, a resin substrate having the circuit pattem 
for peel strength test was produced according to a substantially same method as 
10 Example 1 except for using a different amount of the epoxy-group containing 
ethylene copolymer "BF-E", as listed in Table 1. 
(Comparative Example 1) 

A resin substrate having the circuit pattem for peel strength test was 
produced according to a substantially same method as Example 1 except that 
15 the epoxy-group containing ethylene copolymer was not added, and the heat 
treatment was not performed. 
(Comparative Example 2) 

A resin substrate having the circuit pattem for peel strength test was 
produced according to a substantially same method as Example 1 except that 
20 the heat treatment was not performed. 
(Comparative Example 3) 

A resin substrate having the circuit pattem for peel strength test was 
produced according to a substantially same method as Example 1 except that 
an additive amount of the epoxy-group containing ethylene copolymer "BF-E" is 
25 24 parts by weight, and the heat treatment was not performed. 
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With respect to each of Examples 1 to 4 and Comparative Examples 1 to 
3, dielectric loss tangent (tan 6) of the resin substrate and 90 degree peel 
strength of the circuit pattern were measured. That is, the dielectric loss 
tangent (tan 8) was determined at 1 GHz by performing an impedance 
5 measurement according to an RF I-V method by use of a RF 
impedance /material analyzer "HP 429 lA**. The peel strength was measured by 
using a universal testing machine ("EG Test" manufactured by Shimadzu 
Corporation), Results are shown in Table 1. 

As understood from a comparison between Example 1 and Comparative 

10 Example 2 using the resin substrate having the same composition as Example 1, 
the dielectric loss tangent was remarkably reduced by the heat treatment. 
That is, the dielectric loss tangent of the heat-treated resin substrate of Example 
1 corresponds to approximately 77 % of the dielectric loss tangent of the resin 
substrate of Comparative Example 2 without the heat treatment. Similarly, 

15 from the results of Exaanple 4 and Comparative Example 3 using the resin 

substrate having the same composition as Example 4, the dielectric loss tangent 
of the heat-treated resin substrate of Example 4 corresponds to approximately 
60 % of the dielectric loss tangent of the resin substrate of Comparative 
Example 3 without the heat treatment. In addition, with respect to 

20 comparative Examples 1 to 3 without the heat treatment, as larger the content 
of the epoxy-group containing ethylene copolymer, the dielectric loss tangent 
increases. On the contrary, with respect to Examples 1 to 4 with the heat 
treatment of the present invention, as larger the content of the epoxy-group 
containing ethylene copolymer, the dielectric loss tangent decreases. Thus, the 

25 heat treatment of the present invention presents a remarkable effect of reducing 
the dielectric loss tangent in the case that the liquid-crystalline polyester based 
resin substrate contains the epoxy-group containing ethylene copol3nTier. 
Furthermore, the comparisons between Examples 1, 4 and Comparative 
Examples 2, 3 show that the heat treatment is also effective to improve the 

30 adhesion of the circuit pattern. 
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(Example 5) 

A resin substrate having the circuit pattern for peel strength test was 
produced according to a substantially same method as Example 1 except that 
100 parts by weight of the liquid-crystalline polyester "SI" was mixed with 15 
5 parts by weight of the epoxy-group containing ethylene copoljrmer "BF-E*", 67 
parts by weight of the milled glass fiber (MGF) "EFH-7501*' to obtain the resin 
composition. 
(Examples 6-8) 

In each of Examples 6 to 8, a resin substrate having the circuit pattern 
10 for peel strength test was produced according to a substantially same method as 
Example 5 except for using a different epoxy-group containing ethylene 
copol3niier from the epoxy-group containing ethylene copolymer "BF-E**, as 
shown in Table 2. 

With respect to each of Examples 5 to 8, the dielectric loss tangent (tan 
15 8) and the 90 degree peel strength of the circuit pattem were measured. In 
addition, deflection temperature under load (DTUL) was measured under the 
load of 1.82 MPa according to ASTM D648. Results are shown in Table 2. 

As understood from the results shown in Table 2, , the dielectric loss 
tangent of the resin substrate of each of Examples 5, 6 and 8, in which the 
20 epoxy-group containing ethylene copolymer having larger thein 80 wt% of the 
ethylene unit in the molecule was used, is much lower than that of the resin 
substrate of Example 7, in which the epoxy-group containing ethylene 
copolymer having smaller than 80 wt% of the ethylene unit in the molecule was 
used. In addition, the resin substrate of each of Examples 5, 6 and 8 has a 
25 higher DTUL than the resin substrate of Example 7, while keeping good 

adhesion of the circuit pattem. Due to these reasons, it is preferred to use the 
epoxy-group containing ethylene copolymer containing larger than 80 wt% of 
the ethylene unit in the molecule. 
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(Example 9) 

A resin substrate having the circuit pattern for peel strength test was 
produced according to a substantially same method as Example 1 except that 
100 parts by weight of the liquid-crystalline polyester was mixed with 10 
5 parts by weight of the epoxy-group containing ethylene copolymer "BF-E" and 
200 parts by weight of the strontium titanate powder "ST-l** to obtain the resin 
composition. 
(Example 10) 

A resin substrate having the circuit pattern for peel strength test was 
10 produced according to a substantially same method as Example 1 except that 

100 parts by weight of the liquid-crystalline polyester "SI'' was mixed with 10 

parts by weight of the epoxy-group containing ethylene copolymer "BF-E" and 

200 parts by weight of the strontium titanate powder "ST-l" to obtain the resin 

composition. 
15 (Comparative Example 4) 

A resin substrate having the circuit pattern for peel strength test was 

produced according to a substantially same method as Example 9 except that 

the heat treatment was not performed. 

(Comparative Example 5) 
20 A resin substrate having the circuit pattern for peel strength test was 

produced according to a substantially same method as Example 10 except that 

the heat treatment was not performed. 

With respect to each of Examples 9,10 and Comparative Examples 4, 5, 

the dielectric loss tangent (tan 8) and the 90 degree peel strength of the circuit 
25 pattern were measured, as in the case of Example 1. 
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As understood from a comparison between Example 9 and Comparative 
Example 4 using the resin substrate having the same composition as Example 9, 
the dielectric loss tangent was remarkably reduced by the heat treatment. 
That is, the dielectric loss tangent of the heat-treated resin substrate of Example 
5 9 corresponds to approximately 88 % of the dielectric loss tangent of the resin 
substrate of Comparative Example 4 without the heat treatment. Similarly, 
from the results of Example 10 and Comparative Example 5 using the resin 
substrate having the same composition as Example 10, the dielectric loss 
tangent of the heat-treated resin substrate of Example 10 corresponds to 

10 approximately 98 % of the dielectric loss tangent of the resin substrate of 
Comparative Example 5 without the heat treatment. In addition, these results 
show that the liquid-crystalline polyester "S2" is more preferable than the 
liquid-crystalline polyester "SI" from the viewpoint of further reducing the 
original dielectric loss tangent. 

15 (Examples 11 to 14) 

In each of Examples 11 to 14, a resin substrate having the circuit 
pattern for peel strength test was produced according to a substantially same 
method as Example 1 except that 67 parts by weight of the milled glass fiber 
(MGF) "EFH-7501" was used as the inorganic filler in place of the barium 

20 titanate powder "NPG-S**, and a heat treatment was performed to the resin 
substrate under the conditions shown in Table 4. 
(Comparative Example 6) 

A resin substrate having the circuit pattern for peel strength test was 
produced according to a substantially same method as Example 1 1 except that 

25 the heat treatment was not performed. 
(Comparative Example 7) 

A resin substrate having the circuit pattern for peel strength test was 
produced according to a substantially same method as Example 1 1 except that 
the epoxy-group containing ethylene copolymer was not used, and the heat 

30 treatment was not performed. 



28 



(Comparative Example 8) 

A resin substrate having the circuit pattern for peel strength test was 
produced according to a substantially same method as Example 1 1 except that 
the epo>Qr-group containing ethylene copolymer was not used, and the heat 
5 treatment was performed to the resin substrate under the conditions shown in 
Table 4. 

With respect to each of Examples 1 1 to 14 and Comparative Examples 6 
to 8, the dielectric loss tangent (tan 8), 90 degree peel strength of the circuit 
pattem, and the deflection temperature under load (DTUL) were measured, as in 

10 the case of the above-described Examples. In Comparative Example 8, only the 
peel strength and the dielectric loss tangent (tan 8) were measured. In addition, 
soldering heat resistance of the resin substrate was evaluated according to the 
following method. That is, after a sample of the resin substrate was dipped in a 
soldering bath for 60 seconds, the occurrence of deformation was checked. A 

15 minimum soldering bath temperature causing the deformation was determined 
as the heat resistance temperature. Results are shown in Table 4. 

As understood from the results of Table 4, each of the resin substrates 
with the heat treatment of Examples 11 to 14 has a smaller dielectric loss 
tangent than the resin substrate of Comparative Example 6 without the heat 

20 treatment. For example, on the comparison between the results of Example 1 1 
and Comparative Example 6 using the resin substrate having the same 
composition as Example 1 1, the dielectric loss tangent was remarkably reduced 
by the heat treatment. That is, the dielectric loss tangent of the heat-treated 
resin substrate of Example 1 1 corresponds to approximately 76 % of the 

25 dielectric loss tangent of the resin substrate of Comparative Example 6 without 
the heat treatment. In addition, the soldering heat resistance and the DTUL 
were also improved by the heat treatment. Moreover, the results of Examples 
11 to 14 show that there is a tendency that as the heat treatment temperature is 
higher, the dielectric loss tangent decreases, and the adhesion of the circuit 

30 pattem increases. On the other hand, the results of Comparative Examples 7 
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and 8 show that when the resin substrate does not contain the epoxy-group 
containing ethylene copolymer, there is a case that the dielectric loss tangent 
(tan 8) is increased by the heat treatment. 
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Industrial Applicability 

As shown in the above Examples, the present invention provides the 
resin molded article having a reduced dielectric loss tangent. In addition, when 
the heat treatment is performed to a substrate obtained by molding the 
liquid-crystalline polyester based resin composition described above, and then a 
metal film is coated on the substrate, it is possible to provide a circuit board 
having the improved adhesion and the improved heat resistance as well as the 
reduced dielectric loss tangent. Therefore, the resin molded article of the 
present invention having these advantages will be preferably used in the electric 
and electronics industry, and particularly in the technical field requiring 
high-frequency properties. 



